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Summary
Shi-hu (Dendrobium spp. or Dendrobii Herba) is one of the important traditional Chinese medicines. The commercially
available crude drug in the traditional medicine market is composed mainly of three species: Dendrobium tosaense,
D. nobile, and D. moniliforme. An efficient method of propagation has been developed via asymbiotic germination of seeds
in vitro for the medicinally important D. tosaense. Seeds from capsules of D. tosaense collected 8–14 wk after artificial
pollination germinated after being cultured on full-strength or half-strength Murashige and Skoog (MS) medium devoid of
plant growth regulators and with 3% sucrose. Germination of seeds varied with the medium type and seed maturity.
Germinated seedlings after transfer to MS medium with 1.5% sucrose and 8% banana homogenate or potato juice or
coconut water and 20 wk of incubation developed into healthy plantlets. Well-developed plantlets were transplanted to
moss or moss and tree fern or tree fern as substrates in plastic trays and transferred to a greenhouse for hardening. All
plants survived, attained maturity, and developed normal flower and capsule after one and a half years. This protocol of
successful plant regeneration by asymbiotic seed germination should permit rapid propagation and conservation of this
medicinally important Dendrobium species.
Key words: asymbiotic seed germination; conservation; Dendrobium tosaense; hand pollination; in vitro propagation;
medicinal herb; Orchidaceae, seed germination.
Introduction
Due to the destruction of habitat, ruinous harvesting practices,
and over-harvesting for commercial purposes in the tropical
countries, the population of orchids is steadily declining. In vitro
methods are being used for the conservation and propagation of these
endangered and medicinally important orchid species. Generally
orchids are propagated through seeds. Orchid seeds are unique in
several respects (Arditti, 1979). They are minute and have limited
food reserves (Singh, 1981; Smereciu and Currah, 1989). Lipid
droplets and small amounts of proteins are the storage materials as
they lack endosperm (Savina, 1974) and cotyledons (Arditti and
Ernst, 1984). Lipids are utilized during germination of orchid seeds
(Manning and van Staden, 1987) and an endogenous or exogenous
supply of cytokinin is essential for lipid mobilization. Orchids can be
divided into three categories on the basis of germination of seeds: (1)
readily germinate under asymbiotic conditions; (2) more difficult to
germinate asymbiotically and may require special medium and
culture conditions for asymbiotic germination; and (3) those which
do not germinate asymbiotically and rely on symbionts for
germination (Arditti, 1967; Arditti and Ernst, 1984; taken from
Yam and Weatherhead, 1988). The introduction of an asymbiotic
seed germination method by Knudson (1946) and shoot tip culture by
Morel (1960) helped in developing methods for orchid propagation.
The genus Dendrobium is one of the most prominent members of
the family Orchidaceae, and comprises about 1500 species (Bechtel
et al., 1992; Stern et al., 1994 and references therein; Carlsward
et al., 1997) of which about 15 species are indigenous to Taiwan
(Su, 1978). Shi-hu (Dendrobium spp. or Dendrobii Herba) is
important in Chinese medicine. ‘Shih’ means rock and ‘hu’ means
living, signifying the plant living on rocks, a reference to the
saxicolous habit of the species (Hu, 1970). It was first mentioned in
the Sheˆn-nung Pen-tsao Ching, where it was classified as one of the
superior medicinal herbs (Hsieh, 1995). It is used as a health-
strengthening agent, especially for nourishing Yin (vital essence) of
the lungs and stomach by promoting secretion of fluids, and
relieving excess heat (Yen, 1992). Dendrobium tosaense Makino is
one of the most important species used in Shi-hu (Tang and Cheng,
1984). For conservation and propagation there is a need for tissue
culture of many Dendrobium species as these are being gathered
from the wild for medicinal usage. The present investigations on
D. tosaense were carried out with the following objectives: to
accomplish cross-pollination and fruit set; to standardize conditions
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for asymbiotic germination of seeds; and to achieve ex vitro
establishment of plantlets. To the best of our knowledge there are no
reports on the in vitro propagation of this medicinally important
Dendrobium species.
Materials and Methods
Plant material. The plants of D. tosaense were collected from the rocky
cliffs in mountain valley of Tien Hsiang (Taroko), Taiwan in March 2000
(Fig. 1A). The voucher specimen of the plant (No. CMC DT 0303) has been
deposited at the China Medical College herbarium, Taichung, Taiwan. The
healthy plants were replanted in pots (diameter 13.5 cm £ height 10.7 cm)
containing the substrate tree fern. The plants were maintained in the
greenhouse under natural light, 70% relative humidity, and 25/208C day/
night temperature until flowering.
Pollination. From the fully opened flowers pollinia were picked up
using fine forceps and deposited on a stigma of another flower on a different
plant. To optimize the time period for cross-pollination, the flowers were
classified into four groups: 1–2 d after anthesis (DAF) (Group A), 3–4 DAF
(Group B), 5–6 DAF (Group C), and 7–8 DAF (Group D) (Table 1). The
hand-pollinated flowers were marked individually with tags. After
pollinating the plants, the capsules were allowed to ripen by maintaining
the plants in the greenhouse for 14 wk. Twelve flowers were pollinated in
each group.
Effect of capsule age and medium on seed germination. Capsules
collected from hand-pollinated plants after 8–14 wk of pollination were
FIG. 1. Synchronized flowering – fruit set in Dendrobium tosaense. A, D. tosaense growing in natural conditions in Tien Hsiang (Taroko). B, Synchronous
flowering in plants collected from the TARI greenhouse after 2 mo. of replanting in pots containing moss. C, Copious flowering. D, Typical
yellowish green flower of D. tosaense, showing the characteristic lip (l) and pollen cap (p) holding the pollinarium. E, Pollinia
(bar ¼ 6mm). F, Immature capsule as seen after 12 wk of hand pollination (bar ¼ 1.25 cm).
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surface-disinfected in 70% ethanol for 30 s, followed by 1.0% sodium
hypochlorite (Clorox, The Clorox Co., Oakland, CA) with two drops of Tween
20w per 100 ml (Hayashi Pure Chemical Industries Ltd., Osaka, Japan)
under ultrasonic vibration (Branson Ultrasonic Cleaner, Branson Cleaning
Equipment Co., Shelton, CT) for 10 min and rinsed five times with sterile
distilled water. After sterilization, the capsules were dried in a laminar
airflow cabinet before dissecting. The capsules were dissected longitudinally
with a surgical blade in the laminar airflow cabinet. The seeds were scooped
out from sterilized capsules and sown by spreading as thinly as possible over
the surface of the culture medium in 22 £ 120 mm glass test tubes
(approximately 10 test tubes per capsule), each containing 10 ml of medium.
The medium consisted of full-strength MS (Murashige and Skoog, 1962)
basal medium or half-strength MS basal medium, Knudson’s (KC) medium
(Knudson, 1946) or Vacin and Went’s (VW) medium (Vacin and Went,
1949). All media were supplemented with 3% sucrose and solidified with
0.9% Difco Bacto agar (Difco Laboratories, Detroit, MI). Three capsules (30
tubes) were evaluated per treatment. The pH of all media was adjusted to
5.7 ^ 0.1, with 1 N NaOH or HCl before autoclaving at 1218C, 105 kPa for
15 min. The culture vessels were capped with two layers of aluminum foil
before autoclaving and sealed with three layers of Parafilm Mw (American
National Cane, Menasha, WI) after inoculation, to avoid media dehydration
during the long culture period. The average number of green healthy
seedlings, fresh weight of seedling (in g), and average number of green and
white protocorm-like bodies (PLB) developed per treatment were scored
after 16 wk of culture at 25 ^ 18C under cool white fluorescent light at
40mmol m22 s21 with a 16-h photoperiod per day (Table 2). The green and
white PLB were subcultured onto fresh medium of similar composition. The
seedlings derived from the 12-wk-old capsules cultured on half-strength MS
basal medium were used in further experiments to test the effect of various
additives on growth of seedlings.
Effect of various additives in the medium on growth of seedlings. Sixteen-
week-old seedlings were transferred to 500-ml Erlenmeyer flasks, each
containing 100 ml of half-strength MS basal medium supplemented with or
without 8% banana homogenate, or 8% potato homogenate, or 8% coconut
water. Sucrose (1.5%) was used as the carbon source and the medium was
solidified with 0.9% Difco Bacto agar. Freshly purchased potatoes and
bananas were cut in small pieces, weighed, and then ground separately in a
mixer. The homogenate was added to the medium before autoclaving.
Coconut water was obtained from the tender green fruits purchased from the
local market. Bulk volumes were collected, filtered through cheesecloth,
distributed in small aliquots, and frozen until needed. One hundred explants
were tested for each treatment. Twenty-five explants were cultured per 500-
ml Erlenmeyer flask. The pH of the medium was adjusted to 5.7 ^ 0.1, with
1 N NaOH or HCl prior to autoclaving. The flasks were incubated at
25 ^ 18C under cool white fluorescent light at 40mmol m22 s21 with a 16-h
photoperiod per day. Fresh weight of plants, height of the plants, diameter of
the stem, number of expanded leaves, and number and length of roots were
recorded after 20 wk.
Ex vitro establishment of plantlets. The plantlets from each treatment
with well-developed rhizomes and shoots were washed thoroughly under tap
water for 2–3 min to remove traces of agar-gelled medium sticking to them.
These were then planted in plastic trays (diameter 6 cm £ height
5.5 cm £ 20 holes) containing sphagnum moss or tree fern or moss and
tree fern as a substrate. The trays were kept in the greenhouse. The plants
were initially covered with a polythene sheet (Hun kun Enterprise Co. Ltd.,
Taiwan) for 1 mo. to maintain high humidity (above 90%) and irrigated twice
a week with tap water. After 1 mo. the plants were irrigated once a week. The
percentage survival of plants was calculated after 52 wk. Also, the fresh
weight, height of plants, stem diameter, number of expanded leaves, and
number and length of roots were recorded. The plants were then transferred
to pots (12 cm in diameter and 11.5 cm in height) containing similar
substrate. The plants were again kept in the greenhouse for further growth.
Statistical analysis. All data were analyzed statistically. Fisher’s
protected least significant difference test or 95% confidence limit of
binomial variation was used for statistical analysis.
Results and Discussion
Pollination. Morphologically the flower of D. tosaense is similar
to the flower of other Dendrobium species. The inflorescence
contains typical attractive flowers, which are essential for cross-
pollination by pollinators (insects). Generally in orchids, the
success of pollination depends on many factors such as flower
shape, reward level, inflorescence size, flowering time, etc. (Proctor,
1998 and references therein). For hand pollination it is important to
attain flowering in the same and/or different individuals at the same
time.
Synchronization of flowering and hand pollination. Healthy
plants were selected from the natural habitat for the study. The
plants cultured in the greenhouse flowered after 2 mo. (in May
2000) of replanting (Fig. 1B). In the controlled environmental
conditions of the greenhouse a uniform flowering pattern was
observed (Fig. 1C). The number of flowers per inflorescence varied
from plant to plant. The zygomorphic flower (Fig. 1D) has sepals and
petals (three each) resembling each other considerably. They are
initially yellowish green in color and become creamy yellow later.
The median petal is modified into the characteristic lip or labellum,
which serves as a landing platform for pollinators. The stamens,
stigma, and style are fused and known as the gynostemium. It has
four pollinia (Fig. 1E) in two pairs and the pollen is packed in
tetrads. Fruit set is a common measure of reproductive success
(Proctor and Harder, 1994). In the present study, the hand-
pollinated flowers did not show any significant effect of pollen age
on the fruit set. In contrast with Anoectochilus formosanus (Shiau
et al., 2002), the maximum percentage of fruit set (100%) was
obtained when the pollinia from and ovules of various aged flowers
were used for pollination (Table 1). In Anoectochilus formosanus
TABLE 1
EFFECT OF POLLEN AND OVULE MATURITY ON POLLINATION AND FRUIT SET IN DENDROBIUM TOSAENSE
Ovule age (DAF) No. of flowers
% Fruit set
Pollinia age (DAF)
A (1–2) B (3–4) C (5–6) D (7–8)
A (1–2) 12 100 100 100 100
B (3–4) 12 100 100 100 92 (75–100)
C (5–6) 12 100 84 (65–100) 69 (41–97) 75 (43–100)
D (7–8) 12 84 (65–100) 84 (65–100) 58 (8–100) 59 (17–100)
DAF, days after flowering.
Values in parentheses are 95% confidence limits of binomial distribution.
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they found that the developmental stage of the male and female
gametophyte greatly influences successful pollination and fruit
setting. The reduced fruit setting was possibly due to interplant
incompatibilities, experimental mishandling, selective abortion or
reduced plant vigor (Shiau et al., 2002).
Effect of capsule age and medium on seed germination. In
orchids, in vitro seed germination and plant development is
considered to be a practical and more appropriate method for
conservation and plant propagation (Van Waes and Debergh, 1986a
and references therein). The technique of asymbiotic germination of
seeds has been used for the commercial production of many orchid
species (Arditti, 1992; Rasmussen, 1995). Seeds from immature
capsules (Fig. 1F) are suitable for in vitro germination as embryos
become viable and develop normally prior to the capsule ripening;
also it is easy to surface-sterilize them (Arditii, 1967 and references
therein; Yam and Weatherhead, 1988; Mitchell, 1989). Also,
stringent surface-sterilization of the ripe seeds affects the viability
and reduces the germination percentage in orchids (Van Waes and
Debergh, 1986b). We observed that in the controlled growing
conditions the capsules of D. tosaense mature and dehisce after
14 wk of pollination. Therefore, capsules between 8 and 14 wk of
hand pollination were used to study seed germination. The size of
seeds from the 12-wk-old capsules was about 0.5 mm in length and
0.1 mm in width. Specific nutritional and environmental conditions
are needed for in vitro germination of orchid seeds (Arditti et al.,
1990; Rasmussen, 1995). This method of germinating the seeds on
culture medium is a direct method of measuring seed viability (Van
Waes and Debergh, 1986a). A marked variation was found of the
germination of seeds obtained from the capsules of hand-pollinated
plants collected at 1 wk intervals from 8 wk until 14 wk after
pollination and cultured on four different media (Table 2). Orchid
seed induced to germinate symbiotically or asymbiotically relies on
FIG. 2. Asymbiotic seed germination and ex vitro establishment of plants of Dendrobium tosaense. A, Germinated seeds from a 12-wk-old hand-pollinated
capsule after 4 mo. of culture on plant growth regulator-free, half-strength MS basal medium (a); full-strength MS basal medium (b); KC
medium (c); VW medium (d) (bar ¼ 0.83 cm). B, Seedlings after culture for 5 mo. on MS basal medium þ 1.5% sucrose without any
additives (ck); with 8% coconut water (co); with 8% potato homogenate (po); with 8% banana homogenate (ba) (bar ¼ 1.38 cm). C,
Optimum seedling growth after 5 mo. on MS basal medium þ 8% banana homogenate þ 1.5% sucrose (bar ¼ 0.82 cm). D, Hardened
plants after 6 mo. in the greenhouse (bar ¼ 6 cm). E, Plants after 52 wk of growth in the greenhouse on moss þ tree fern substrate which
were initially cultured on media without any additives (ck); with 8% coconut water (co); with 8% potato homogenate (po); with 8% banana
homogenate (ba) (bar ¼ 1.29 cm). F, Normal flowering (bar ¼ 0.55 cm) and fruit set (G) (by hand pollination) in seedling-derived tissue
culture plants (bar ¼ 1.6 cm).
Q
TABLE 2
EFFECT OF CULTURE MEDIUM AND SEED MATURITY ON GERMINATION OF SEEDS OF DENDROBIUM TOSAENSE
Capsule age
(wk after pollination) Medium
Average no. of
seedlings per test tube
Fresh weight of
seedlings per test tube (g)
Average no. of green
PLBs per test tube
Average no. of white
PLBs per test tube
8 1
2
MS 8.9 f 0.07 f 65.80 bc 33.60 b
8 MS 11.4 f 0.19 d 54.35 cd 33.25 b
8 KC 0 g 0 g 6.20 jk 0.35 e
8 VW 0 g 0 g 2.15 k 0.75 e
9 1
2
MS 2.7 g 0.03 g 53.62 de 11.31 cd
9 MS 1.3 g 0.02 g 27.94 hi 110.83 a
9 KC 0 g 0 g 9.82 jk 2.77 cde
9 VW 0 g 0 g 18.28 ij 3.61 cde
10 1
2
MS 19.4 e 0.13 e 55.90 cd 0.00 e
10 MS 9.0 f 0.15 de 47.00 def 0.95 de
10 KC 0 g 0 g 8.16 jk 3.84 cde
10 VW 0 g 0 g 10.7 jk 6.50 cde
11 1
2
MS 33.0 d 0.26 c 88.17 a 7.94 cde
11 MS 18.4 e 0.24 c 74.06 b 11.50 c
11 KC 0 g 0 g 3.38 k 2.38 cde
11 VW 0 g 0 g 2.94 k 3.29 cde
12 1
2
MS 67.5 a 0.80 a 42.05 efg 0.70 e
12 MS 31.4 d 0.83 a 41.00 fg 3.95 cde
12 KC 0 g 0 g 11.90 jk 1.75 cde
12 VW 0 g 0 g 11.0 jk 3.79 cde
13 1
2
MS 45.5 c 0.24 c 30.30 gh 0.00 e
13 MS 56.6 b 0.56 b 74.00 b 0.10 e
13 KC 0 g 0 g 7.50 jk 0.50 e
13 VW 0 g 0 g 3.30 k 0.00 e
14 1
2
MS 42.9 c 0.17 de 44.10 def 0.00 e
14 MS 21.4 e 0.12 e 39.75 fg 2.20 cde
14 KC 0 g 0 g 0.05 k 0.00 e
14 VW 0 g 0 g 1.70 k 0.00 e
Culture medium: basal medium with 3% sucrose and 0.9% Difco agar, pH 5.7 ^ 0.1. Data were collected after 16 wk of culture; average of 30 test tubes per
treatment.
Means followed by the same letter within a column are not significantly different at the 5% level by least significant difference test. 1
2
MS, half-strength MS.
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an exogenous supply of simple nutrient for their further growth
(Manning and van Staden, 1987). Results obtained infer that seed
germination was influenced not only by culture medium but also by
seed maturity (Table 2). Seeds germinated on medium devoid of
plant growth regulators. This could be due to the presence of
sufficient endogenous growth regulator(s) required for the initial
stages of germination. Full-strength and half-strength MS basal
medium were effective for the development of the seedlings from
seed obtained from capsules of different ages, while the KC medium
and VW medium were the least effective (Fig. 2A). The data
recorded after 16 wk of culture in the light shows half-strength MS
basal medium to be the best for germination of seeds. The maximum
number of seedlings developed (67.5 seedlings per test tube) from
the seeds of 12-wk-old capsules on this medium. A higher number
of green and white PLBs developed on the half-strength and full-
strength MS basal medium. The KC and VW medium did not
support the formation of PLBs either. The green PLB developed into
healthy seedlings after 12 wk of incubation (data not shown). This is
in contrast with the study on Geodorum densiflorum (Lam.) Schltr.,
where the PLBs did not form shoots, but developed rhizomes on
Knudson C medium supplemented with 10% coconut water
(Sheelavantmath et al., 2000).
Effect of various additives in the medium on seedling growth. In
vitro seedling growth of orchids depends greatly on the medium used.
In our preliminary study we observed that the seedlings transferred
to the same medium devoid of any additives showed limited growth.
Therefore to achieve further active growth, various additives were
tested in the medium. The 4-mo.-old seedlings cultured on half-
strength MS basal medium obtained from the seeds derived from 12-
wk-old capsules showed a varied growth response in the basal
medium with various additives (Table 3; Fig. 2B). Beneficial effects
of organic additives, such as coconut water and/or banana
homogenate and/or potato homogenate added to medium, on
seedling growth have been reported in many orchid species (Kim
et al., 1970; Arditti, 1977; Juang and Lee, 1986; Lu and Lee, 1990;
Chen and Chen, 1998; Shiau et al., 2002). Banana and potato
homogenates containing MS basal medium supported vigorous
growth, shown by increased height, fresh weight, and stem diameter.
MS basal medium supplemented with coconut water could promote
leaf growth (3.5 leaves per plant) and number of roots (5.0 roots per
plant) (Table 3). Visual assessment of the cultures suggested that
banana homogenate-containing medium was optimum for the
seedling growth (Fig. 2C). The seedlings from all the four media
combinations were transferred to substrates for ex vitro establish-
ment of plants.
Ex vitro establishment of plantlets. A good growing medium
having properties such as maximum water-holding capacity,
porosity, and drainage is essential for proper growth and
development of in vitro-raised plantlets of Dendrobium. Hardening
of the plants in the greenhouse under high humidity conditions was
found to be highly beneficial for successful acclimatization. A
higher number of plants acclimatized in the greenhouse (Fig. 2D).
Dendrobium are naturally distributed in warm and humid areas,
they require a warm and humid environment with abundant sunlight
for optimum growth and development. The data for seedling growth
recorded after 52 wk of transfer of plantlets to the greenhouse for ex
vitro establishment has been systematically tabulated in Table 4.
The vigor of the plantlet growth varied with the three different
substrates used. The maximum percentage of plants (97%)
acclimatized when seedlings were grown on coconut water-
containing medium and transferred on moss. Among all the
treatments tested, moss and the combination of moss and tree fern
were found to be more suitable substrates for plant survival than
tree fern alone (Fig. 2E). Seedlings cultured on potato juice-
containing medium and transferred to moss or moss and tree fern
had higher fresh weight, plant height, stem diameter, number of
roots, and root lengths as compared to others (Table 4). The plants
have been successfully maintained for over 1.5 yr. Normal flowering
was observed in these plants (Fig. 2F). The flowers were hand
pollinated and normal capsule and seed development was observed
(Fig. 2G). The seeds from these capsules germinated and developed
into healthy seedlings (data not shown). Experiments for the
isolation, identification, and quantitative analysis of the medicinal
compounds in the seedling-derived tissue culture-raised plants
grown in the greenhouse are being carried out.
Conclusions
An efficient and simple protocol for rapid production of
D. tosaense plants using seeds of hand-pollinated capsules has
been summarized. Synchronous flowering could be induced by
growing plants in a greenhouse; fruit set was achieved when the
pollinia from and ovules of various aged flowers were used for
pollination; the maximum number of seeds germinated when seeds
from capsules after 12 wk of hand pollination were cultured on half-
strength MS basal medium with 3% sucrose; the seedlings were
further grown on MS medium with additives (8% banana
homogenate, 8% potato homogenate, or 8% coconut water) for 5
mo.; plantlets could be hardened under greenhouse conditions on
substrates (moss, moss þ tree fern, or tree fern). Asymbiotic
TABLE 3
EFFECT OF VARIOUS ADDITIVES IN THE MEDIUM ON SEEDLING GROWTH OF DENDROBIUM TOSAENSE
Medium additive (8%)
No. of explants
cultured
Fresh weight
(g)
Plant height
(cm)
Stem diameter
(mm)
No. of expanded
leaves No. of roots
Root length
(cm)
None 100 0.16 b 5.7 b 0.93 c 3.1 ab 4.1 bc 3.4 c
Banana 100 0.38 a 8.3 a 1.24 a 2.7 b 5.7 a 6.8 a
Potato juice 100 0.39 a 8.1 a 1.19 a 3.4 a 3.4 c 7.7 a
Coconut water 100 0.24 b 7.3 a 1.05 b 3.5 a 5.0 ab 5.2 b
Basal medium: MS salts supplemented with 1.5% sucrose and 0.9% Difco agar, pH 5.7 ^ 0.1. Data were collected after 20 wk of culture.
Means followed by the same letter within a column are not significantly different at the 5% level by the least significant difference test.
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germination and successful ex vitro establishment of seedling-raised
plants could be helpful for re-plantation in their natural habitat or
large-scale cultivation for the ornamental or pharmaceutical
product of interest. The green PLB and seeds germinated on plant
growth regulators could be encapsulated and developed into
seedlings when required. Using the optimized protocol more than
2000 healthy plants can be produced from one capsule in 1 yr. Also
this technique will be valuable for the breeding of Dendrobium for
desired characters.
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EFFECT OF CULTURE MEDIUM COMPOSITION ON EX VITRO ESTABLISHMENT OF SEED-DERIVED DENDROBIUM TOSAENSE PLANTLETS
Medium
additive
Plantlets transferred
to substrates
Survival
(%)
Total fresh
weight (g)
Plant height
(cm)
Stem diameter
(mm)
No. of expanded
leaves No. of roots
Root length
(cm)
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Means followed by the same letter within a column are not significantly different at the 5% level by the least significant difference test.
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